Molecular adaptation and allostery in plant pantothenate synthetases.
Pantothenate synthetase catalyzes the ATP-dependent condensation of pantoate and beta-alanine to yield pantothenate, the essential precursor to coenzyme A. Bacterial and plant pantothenate synthetases are dimeric enzymes that share significant sequence identity. Here we show that the two-step reaction mechanism of pantothenate synthetase is conserved between the enzymes from Arabidopsis thaliana and Escherichia coli. Strikingly, though, the Arabidopsis enzyme exhibits large allosteric effects, whereas the Escherichia coli enzyme displays essentially non-allosteric behavior. Our data suggest that specific subunit contacts were selected and maintained in the plant lineage of the pantothenate synthetase protein family and that the resulting allosteric interactions are balanced for efficient catalysis at low pantoate levels. This is supported by mutations in the putative subunit interface of Arabidopsis pantothenate synthetase, which strongly attenuated or otherwise modified its allosteric properties but did not affect the dimeric state of the enzyme. At the molecular level, plant pantothenate synthetases exemplify functional adaptation through allostery and without alterations to the active site architecture. We propose that the allosteric behavior confers a selective advantage in the context of the subcellular compartmentation of pantothenate biosynthesis in plants.